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Sunday, February 3, 2013 55aCalcitonin gene-related peptide (CGRP) is an intrinsically disordered, 37
residue neuropeptide that acts as a potent vasodilator. It is a member of
the calcitonin peptide (Ct) family, together with amylin, calcitonin and
adrenomedullin. Understanding how sequence variations affect the conforma-
tion and dynamics of these genetically and functionally related IDPs is of
considerable interest. While the secondary structural preferences of these
peptides have been experimentally determined, the tertiary structural prefer-
ences are more challenging to detect due to fast reconfigurations of the back-
bone over a wide range of conformations, and to the very low solubility of
certain Ct family peptides. High resolution time-resolved techniques are
needed.
We use a nanosecond-resolved spectroscopic technique based on tryptophan
triplet quenching by cystine to detect tertiary contact formation in CGRP under
varying solvent and temperature conditions. Using this technique we had pre-
viously found that conserved structural elements of amylin and CGRP induce
compact states, characterized by short end-to-end distances(1,2). Here we com-
pare contact formation rates of wild type and mutant CGRPs with different net
charge. We find that electrostatic interactions modulate the degree of compac-
tion of CGRP. The observed difference between CGRP and amylin can be ra-
tionalized in terms of electrostatic interactions. Interestingly, even with a net
charge of þ6, CGRP remains more compact in aqueous solvent than in dena-
turant with high ionic strength, indicating strong attractive intra-molecular in-
teractions. Overall our data are consistent with a common mechanism driving
compaction in CGRP and amylin, with electrostatic interactions modulating the
degree of compaction in CGRP. We discuss our findings in relation to second-
ary structural preferences of these peptides and discuss their possible functional
role.
1 Vaiana S.M. et al. Biophys. J. 97 2009.
2 Sara M. Sizemore et al.2012 Biophys. J, Supplement, Abstract.
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Protein structure formation is guided by the (free) energy landscape. From this
viewpoint one can imagine two antipodal cases [1]: A structure-seeker is
directly guided to the native state by a steep and deep folding funnel, while
a glass-former exhibits multiple competing minima in the energy landscape.
We here concentrate on two related peptides: Ac-Ala19-Lys þ Hþ, a known
helix former [2,3] versus Ac-Lys-Ala19 þ Hþ, which is suggested to form
compact, globular structures [2]. To find low-energy minimum conformers of
the potential energy surface, we apply a two-step massive structural search,
starting with force-field based replica exchange molecular dynamics
(REMD) and following up with REMD based on density-functional theory
using the PBE functional corrected for van der Waals interactions [4]. We
show that Ac-Ala19-Lys þ Hþ is a clear a-helical structure-seeker, while Ac-
Lys-Ala19þHþ fulfills the characteristics of a glass-former exhibiting multiple
minima in the energy landscape that are similar in energy.
The predicted low-energy structures are all compact, but with significant helical
content. This explains similarities of experimental IR spectra [5] of Ac-Lys-
Ala19 þ Hþ to the helical Ac-Ala19-Lys þ Hþ.
[1] R. S. Berry et al., PNAS 94, 9520 (1997);
[2] M. Jarrold, PCCP 9, 1659 (2007);
[3] M. Rossi et al., JPCL 1, 3465 (2010);
[4] A. Tkatchenko, M. Scheffler, PRL 102, 073005 (2009);
[5] IRMPD experiments: G. von Helden, P. Kupser, K. Pagel, F. Filsinger,
G. Meijer, Department of Molecular Physics, Fritz Haber Institute
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Abeta40, the 40-residue form of Amyloid beta, is an intrinsically dis-
ordered protein which is involved in Alzheimer’s disease and prone to form
fibrils.
We explored its conformational landscape by atomistic simulations in explicit
solvent and NMR-guided metadynamics, an enhanced sampling techniquebased on the experimental chemical shifts data that allows predicting the rela-
tive free energy of the different states involved in the folding process of
a protein.
This approach provides a picture in striking consistency with experimental
NMR measurements, with the global free energy minimum consisting of
non-compact and disordered structures.
However, the free energy landscape includes also a large amount of partially
folded conformations with a relative high secondary structure content and
a free energy only 3 kcal/mol higher than the disordered minimum. This struc-
tural characterization of Abeta40 provides a library of possible metastable
states which can be involved in the aggregation process and used as targets
for docking studies to design inhibitors to bind the Abeta fragments in order
to prevent their fibrillation.
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For structural predictions of intrinsically disordered proteins (IDPs), knowl-
edge about intrinsic propensities of amino acids must be complimented by
information on nearest-neighbor interactions. To explore the influence of
nearest-neighbors on conformational distributions of amino acid residues,
we preformed a joint vibrational and 2D-NMR study of selected GxyG
host-guest peptides: GDyG, GSyG, GxLG, GxVG, where x/y={A,K,LV}.
The choice of D and S (L/V) for the x (y) position was motivated by their
documented ability to drastically change the distribution of alanine in xAy tri-
peptide sequences in truncated coil libraries. Five J-coupling constants and
amide I’ profiles of the respective IR, polarized Raman and Vibrational Circu-
lar Dichroism spectra were analyzed using a superposition of 2D-Gaussian
functions in Ramachandran space representing sub-ensembles of pPII-,
b-strand-, helical-, and turn-like conformations. Our analysis of the amide I’
profiles exploits excitonic coupling between the local amide I0 modes in the
tetra-peptides. Our results reveal that D and S particularly alter the conforma-
tion of their downstream neighbor. In a recent study, these amino acids were
shown to have an unusually high preference for type I’/IIb and asx-turns. A
direct comparison of the ensemble obtained for serine in GSAG, GSLG and
GSG reveals that A and L cause the asx-turn population to be mitigated in
favor of more extended pPII/ b structures. Upon insertion of these ‘turn-form-
ing’ residues, alanine’s conformational ensemble is modestly changed (shift
from pPII to b), while the position of pPII and particularly of b is shifted to
lower c-values. DFT calculations indeed show that the forced reduction in
c for A increases the H-bond distance for serine in the asx-turn conformation.
Taken together, our results indicate that Dx and Sx-motifs might act as con-
formational randomizers in proteins, attenuating intrinsic propensities of
neighboring residues.
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Nuclear pore complex (NPC) is giant molecular assembly that acts as a highly
selective gate. Its central channel is composed of FG repeat-containing nucle-
oporins (FG nups), which are natively disordered proteins that facilitate the
passage of receptor-cargo complexes through the NPC. However, their mech-
anism to facilitate selective transport is still unknown. We carried out molecu-
lar dynamics simulations of single and multiple FG nups to unveil their
dynamics and structures. As an important aspect of our studies of intrinsically
disordered proteins (IDPs), we made extensive comparisons between two pop-
ular water models, TIP3P and TIP4P-Ew, in combination with Amber ff99sb
force field to simulate different IDPs. We found that TIP4P-Ew combined
with ff99sb gives better reproduction of experimental observations for FG
nups. The reason is because of better solvation of water model to charged
side chain of amino acid residues. However, we also identified a caveat of cur-
rent force field by studying the mutated form of FG nups. We found that the
shape of IDPs is much closer to a rod-like shape regardless of whether they
are extended or collapsed, which could be a signature of IDPs. Then, we ex-
plored the interaction of multiple FG nups to show that the arrangement of
the FG nups can be different depending on the inter-chain distances. We
